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Simultaneous rather than sequential polyandry 
increases fitness under varying temperature 
regimes in an aphidophagous ladybird 
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Abstract: [ Aim] Although polyandry is common among Coccinellidae, the data attained in various 
studies are insufficient to explain the general adaptive significance (or fitness consequences) of female 
remating and polyandry. Temperature was used as a stressor in the study. This study aims to evaluate 
whether certain benefits of polyandry in terms of increased fitness are also passed on to the progeny. 
[ Methods ] The present study examined the fitness consequences of three mating treatments in Coelophora 
saucia ( Mulsant) (Coleoptera: Coccinellidae ) ; monandry (five matings with same male; one mating/ 
day) , sequential polyandry (five matings with five different males with one mating/day with a new 
male) , and simultaneous polyandry (five matings with five males introduced together allowing female to 
select male to mate; one mating/day). Changes in fecundity and egg fertility, and offspring development 
and survival of the different mating treatments under different temperatures (25, 27 and 30°C.) were 
observed. [Results] The results revealed that females subjected to simultaneous polyandry and thus 
allowed mate choice or competition amongst males had maximum reproductive performance and offspring 
best suited to developing and surviving at a wider temperature range. However, sequential polyandrous 
females had similar reproductive performance as the monandrous female. [Conclusion] This indicates 
that in the absence of mate choice or male competition conditions, benefits of polyandry are not evident. 
This could be either due to sperm competition amongst subsequent male ejaculates or female cryptic 
choice. The lack of benefits of polyandry in absence of mate choice as observed in this study has not been 
previously observed in insects to the best of our knowledge. 
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1 INTRODUCTION 


Most animals ( Andersson, 1994; Johnson and 
Burley, 1997), particularly insects ( Arnqvist and 
Nilsson, 2000), mate more than once in their 
lifetime. This has multiple costs (loss of time and 
energy) as well as benefits (increased reproductive 
output and higher offspring fitness) ( Fox 1993a, 
1993b; Chapman et al., 1995; Arnqvist and 
Nilsson , 2000; Omkar and Mishra, 2005a). A cost- 
benefit analysis predicts that there exists an optimal 
mating rate ( Arnqvist et al., 2004; Omkar et al., 
2006a) at which maximal reproductive output is 
obtained with minimal costs. Multiple matings in 
nature may be limited to repeated matings with a 
single male (monandry) but may often involve more 
than one male (polyandry) (Fuerst et al., 1973; 
Tregenza and Wedell, 1998; Sakaluk et al., 2002). 

Studies have revealed that females in many 
insect taxa discriminate against previous mates in 
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support of novel mates by being polyandrous 
(reviewed by Arnqvist and Nilsson, 2000; Simmons, 
2001). A high incidence of polyandry in some species 
suggests that certain direct and indirect benefits are 
derived from such behaviour by females (reviewed by 
Hosken and Stockley , 2003; Simmons, 2005). These 
may include (1) short term effects, i. e., those that 
lead to an increase in egg fertility, and (2) long term 
effects which lead to increased offspring viability, 
survival, or mating success (Zeh and Zeh, 1997a). 
Short and/or long term benefits of polyandry have 
been reported in a number of insects (Tregenza and 
Wedell , 2002; Omkar and Mishra, 2005b; Srivastava 
and Omkar, 2005; Mcnamara et al., 2008). Arnqvist 
and Nilsson ( 2000) found that polyandry was 
associated with an increase in reproductive success 
among species even where males do not provide 
material benefits to females. But despite all these 
benefits, monandry still persists in many species 
likely due to the various costs associated with 
polyandry, such as increased risk of predation and 
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disease transmission, and sometimes even costs 
associated with toxic properties of male ejaculates 
(Chapman et al., 1995; Simmons, 2001). 

The indirect or genetic benefits derived as a 
result of polyandry may result in; (1) production of 
a more genetically diverse set of offspring, usually 
observed in eusocial insects, and (2) increased 
offspring fitness in terms of better development, 
survival, weight, or chances of selection as mates 
and may be attributed to good male genes or gene 
compatibility (see the review by Slatyer et al., 
2011). The degree of polyandry (number of male 
mates) also has implications for gene flow ( Cheasser 
and Baker, 1996) , speciation (Parker and Partridge, 
1998; Gavrilets, 2000) and maintenance of genetic 
variation (Zeh and Zeh, 1997b). Polyandry can also 
lead to the evolution of complex behaviour in males 
and alternative male mating strategies when they are 
faced with the risk of sperm competition ( Arak, 
1984; Parker, 1998). A recent meta-analysis on the 
genetic benefits of polyandry raises the possibility that 
it is post copulatory sexual selection by the female 
which is more likely to result in good or compatible 
gene benefits than female choice of mates (Slatyer et 
al., 2011). In a number of polyandrous insects ( Fox 
and Hickman, 1994; Ivy and Sakaluk, 2007 ) 
including ladybirds ( Omkar and Mishra, 2005b; 
Srivastava and Omkar, 2005) , while polyandry gives 
better reproductive output than monandry, mate 
choice further enhances these benefits. 

Change in temperature is known to affect 
reproductive and sexually selected traits ( Chihrane 
and Lauge, 1994; West and Packer, 2002) and it is 
likely that mating costs and benefits are also sensitive 
Gambusia 
holbrooki, mating performance was influenced at 
( Wilson, 2005 ). Also, 


mating success in butterflies has been found to 


to it. In male eastern mosquitofish, 


extreme temperatures 


change with both developmental and acclimation 
temperatures ( Geister and Fischer, 2007). A recent 
study by Grazer and Martin (2012) on Tribolium 
castaneum revealed increased reproductive success as 
a benefit of polyandrous condition at elevated 
temperatures. Ladybirds are known to show significant 
differences in growth, development, survival and 
reproduction even at narrow range of temperatures 
(25, 27 and 30°C ) under laboratory conditions ( Pervez 
and Omkar, 2004; Omkar and Pervez, 2004), with 
30°C being lethal for eggs in some ladybirds (Lombaert 
et al., 2008). Earlier, two studies, on a coccinellid 
and a chrysomelid have evaluated the effect of range of 
temperatures on development and survival of offspring of 


monandrous and polyandrous mate choice pairs (Omkar 


and Mishra, 2005b). They found that offspring of 
polyandrous pairs were able to survive better at a range 
of temperatures than those of the monandrous ones. 

In view of the possible modulating effects of 
temperature on mating and reproductive success, the 
present study assessed the effect of (1) polyandry on 
a new ladybird, Coelophora saucia ( Mulsant) and 
(ii) temperature as a stressor on its offspring to 
assess their fitness levels as indicators of indirect 
benefits of polyandry. Earlier studies on polyandry 
have been conducted in ladybirds, Propylea dissecta 
( Mulsant) , Adalia bipunctata (L. ) and Coccinella 
The ladybirds, 


polyandry has been studied, are in a range of sizes 


septempunctata ( L. ). in which 
and mating behaviour, both of which may influence 
mating outcomes. While P. dissecta is a small 
species which reportedly does not transfer a 
spermatophore ( Omkar and Pervez, 2005), A. 
bipunctata is a small ladybird with spermatophore 
ejection and consumption ( Majerus, 1999 ), C. 
sized beetle with 
spermatophore ejection and consumption ( Obata and 
Johki, 1991; Omkar 2002 ). 


Coelophora saucia is a large beetle with no observed 


septempunctata is a medium 


and Srivastava, 


spermatophore ejection and consumption, different 
from previous ladybirds studied, thus, warranting its 
selection as a model. This ladybird mates once per 
day ( Omkar et al., 2010) and deviations from this 
pattern occur only when males have not been allowed 
to mate for long and are then confined with one 
female resulting in more vigourous and frequent 
In India, 
commonly found in colonies of Aphis craccivora Koch 
(Saharia, 1980; Omkar et al., 2005) and sugarcane 
woolly aphid, Ceratovacuna lanigera Zehntner ( Joshi 
and Viraktamath, 2004; Singh and Tripathi, 
2008). Only the effect of increased mating duration 
on fecundity and egg viability has been previously 
studied in C. saucia ( Omkar et al., 2006b). This 
study was undertaken to assess the potential benefits 
of polyandry and to test the hypotheses that; (i) both 
sequential and simultaneous polyandry will result in 
egg fertility, 
fitness in comparison to monandry, (ii) mate choice 


mating. this polymorphic species is 


increased fecundity, and offspring 
would enhance the above benefits of polyandry, and 
(iii) offspring sired by polyandrous parents would be 
able to cope better with temperature variations. 


2 MATERIALS AND METHODS 


2.1 Stock maintenance 


Adults of C. saucia were collected from bean 
( Dolichos lablab Linnaeus ) fields infested with 
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aphid, A. craccivora located in the suburbs of 
Lucknow, India. They were paired in Petri dishes 
(9.0 cm x2.0 cm; one mating pair per Petri dish) 
and reared on an ad libitum supply of above prey 
under laboratory conditions (25 +2°C , 65% +5% 
R. H., 14L: 10D in Environmental Test Chamber, 
Remi Instruments). Eggs laid were separated daily 
and the hatched instars reared until pupation in glass 
beakers (11. 0 cm x 5. 0 cm; 10 neonates per 
beaker) on ad libitum supply of A. craccivora 
infested on D. lablab. Newly emerged adults were 
placed individually in Petri dishes (9.0 cm x 2. 0 
cm) till they were required for the experiments. 

2.2 Experimental design 

2.2.1 


the effects of polyandry on reproductive performance 


Influence on reproduction; To investigate 


of C. saucia, experiments were designed following 
Sakaluk et al. (2002) and Omkar and Mishra 
( 2005b ). This experimental design has been 
considered appropriate and rigourous by Slatyer et 
al. (2011) in their meta-analysis for estimating 
genetic benefits of polyandry. The experimental 
treatments were: (A) 5-day-old virgin female paired 
with a 5-day-old unmated male that was removed 
daily after a single mating, thus allowing only five 
matings for five days with the same male 
(monandry ), ( B) 5-day-old virgin female was 
provided daily sequentially with a new male for a 
single mating (each male had age and mating status 
similar to that of the female on the day of mating) , 
thus allowing five matings with five different males in 
five days (sequential polyandry), and (C) 5-day- 
old female provided simultaneously with five 5-day- 
old unmated males on day 1 of study, thus allowing 
freedom to choose mate as well as male competition 
polyandry, mate choice/ 
Unmated males in treatment (C) 


( simultaneous 
competition ). 
were removed after the female had established genital 
contact, while the mating male was removed post 
mating. All five males were reintroduced into the 
arena the next day. Females in each treatment mated 
once daily. All these treatments were set up in Petri 
dishes (9.0 cm x 2.0 cm) and were provided daily 
with fresh ad libitum A. craccivora infested on D. 
lablab twigs. All females used in the experiments 
weighed 35.00 +2. 50 mg while males weighed 25. 00 
+2. 50 mg, and this was done to ensure lack of 
variation in male and female quality due to size. After 
the mating treatments, males were removed and 
females were observed for the next 20 days for daily 
oviposition and percent egg viability. The experiment 
was conducted in ten replicates per treatment with a 
pair in a single Petri dish forming a replicate. 


2.2.2 
the effect of polyandry on offspring fitness of C. 


Influence on offspring fitness; For evaluating 


saucia, the development and survival of progeny of 
the three treatments in (I) was studied at three 
different temperatures, i. e. 25, 27 and 30°C. Fifty 
eggs laid between 10:00 - 12:00, 24 hours after 
completion of all three treatments in 2. 2. 1 were 
selected randomly and placed at one of these three 
temperatures. The hatched neonates were placed in 
beakers (9.5 cm x 6.5 cm) covered with muslin 
fastened with a rubber band along with ad libitum A. 
craccivora on host plant. Five neonates were placed 
per beaker to avoid overcrowding, with one beaker 
constituting a replicate. The total developmental time 
(from egg to adult emergence) and the numbers of 
adults emerging were recorded. Since there were five 
instars per beaker, the mean values per beaker were 
considered as the observation of a replicate. 
Observations were taken at 12-hour intervals. No 
cannibalism was observed in any replicate probably 
owing to ad libitum aphid supply and presence of host 
plant twigs and leaves which allowed enough area to 
roam and hide, thereby reducing interactions. 
2.3 Statistical analysis 

All data were checked for 


heterogeneity of variance 


normality and 
following Kolmogorov- 
test and found to be 
normally distributed with homogeneity of variances. 


Smirnov’ s and Bartletts ’ 


Percentage data were subjected to arcsine square root 
transformation before being subjected to analysis. 
Data on fecundity and percent egg viability were 
subjected to one-way ANOVA 
comparison of means using Tukey’ s test of 
significance on statistical software MINITAB (2000). 
the effects 
environment, the data were 


and post hoc 


To examine of polyandry and 


offspring rearing 
subjected to two-way ANOVA with mating treatments 
and temperature regimes as independent factors 
followed by post hoc comparison of means using 
Tukey’ s test of significance. All analyses were done 


using statistical software MINITAB (2000). 


3 RESULTS 


3.1 Influence of polyandry on reproduction of 
C. saucia 

Simultaneous polyandrous females were found to 
lay maximum number of eggs and the overall 
difference amongst treatments was statistically 
significant (F, 4, =12. 05; P =0. 001) (Fig. 1). 
However, comparison of means revealed that there 
were no significant differences between the females 
subjected to monandry and sequential polyandry. 
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Fig. 1 Effect of polyandry on fecundity of Coelophora saucia 
Values are means + SE. Different letters denote significant differences in a 
parameter between treatments using ANOVA followed by Tukey’ s post hoc 
analysis at P <0. 05. The same for the following figures. 


The percent egg viability was also highest in the 
eggs oviposited by simultaneous polyandrous females 
and there were overall statistically significant 
differences in the treatments ( F, = 9.29; P = 
0.004) (Fig. 2). Minimum percent egg viability 
was recorded in monandrous females. The individual 
comparison of means revealed that egg viabilities in 
monandrous and sequential polyandrous, and 
sequential polyandrous and simultaneous polyandrous 
did not differ each other. 
However, there was statistically significant difference 
between monandrous and simultaneous polyandrous 
conditions (Fig. 2). 

3.2 Influence of polyandry on offspring fitness 
of C. saucia 

Two-way 


significantly from 


ANOVA revealed that total 
developmental time was unaffected by the mating 
treatments (F, s, =2.31; P=0.06) and percent adult 
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Fig. 2 Effect of polyandry on percent egg viability of 
Coelophora saucia 


emergence was significantly influenced ( Fy şı = 
4.03; P =0.02). Both total developmental period 
(Fy, = 151. 23; P =0. 001) and percent adult 
emergence (F,,, = 8. 17; P = 0. 001) were 
significantly influenced by the different temperature 
regimes (Table 1). The interaction was insignificant 
between the mating treatments and temperature for 
both total developmental period ( F, į =1.02, P = 
0.326) and percent adult emergence (F, şı =0.71; 
P =0.476). Post hoc comparison of means revealed 
that at each temperature, there was no significant 
difference in developmental time of immature stages 
of each mating treatment. Development of immature 
stages of each mating treatment was fastest at 30°C 
(Fig. 3). Percent adult emergence was significantly 
higher in offspring of simultaneous polyandry 
treatment at each temperature (Fig. 4). Maximum 
adult emergence was observed at 27°C in each 
mating treatment. 


O Monandry 
E Sequential polyandry 
E Simultaneous polyandry 


27, 30 


Temperature (°C) 


Fig. 3 


Effect of polyandry on the total developmental period of Coelophora saucia 
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Fig. 4 Effect of polyandry on percent adult emergence of Coelophora saucia 


Table 1 Effect of mating treatments and temperature 
regimes on offspring fitness in Coelophora saucia 








Variable Source df MS F P value 
Nea i Mating treatment 3 1.24 2.97 0.041 
ve. ent. 
EA ji Temperature regime 2 69.78 167.47 0.001 
ime 
Treatment x Temperature 6 0.48 1.15 0.349 
ee Mating treatment 3 446 3.52 0.022 
t 
g Temperature regime 2 1152 9.09 0.001 
emergence 
Treatment x Temperature 6 116 0.92 0.491 


4 DISCUSSIONS 


The study reveals that polyandry influences both 
the reproduction and offspring fitness of C. saucia 
only when choice/ competition 
conditions are provided. In the absence of such 
conditions no significant difference was recorded 


simultaneous 


between monandrous and sequential polyandrous 


treatments. These are rather interesting but 
unexpected results as most studies on polyandry 
reveal significant differences between monandrous 
and polyandrous treatments even in the absence of 
such conditions. 

The absence of statistically significant 
difference amongst the reproductive performance of 
sequential polyandrous and monandrous females goes 
against our hypothesis that serial matings with new 
males would increase fecundity as a probable result 
of increased nutrient supply and/or presence of 
oviposition stimulants in the ejaculate ( Wedell and 


Ritchie, 2004; Torres-Vila and Jennions, 2005 ). 
All the ladybirds in which polyandry has been 


previously studied, have shown increase in egg 
output and viability when mated with new males (de 
Jong et al., 1998; Omkar and Mishra, 2005b; 
Srivastava and Omkar, 2005). Mating with unmated 
males is expected to increase the viability due to 
increased sperm supply by them ( Preston et al., 
2001; Montrose et al., 2004; Harris and Moore, 
2005; Edvardsson et al., 2008). Also, studies on 
male mating status in other insects have shown that 
females are able to change their choices and prefer 
unmated males over mated ones ( Harris and Moore, 
2005 ; Ivy et al., 2005). 

The better 
polyandrous treatment allowing mate choice/male 
competition could be attributed to (a) repeated 
selection of unmated males leading to increased 


reproductive performance of 


sperm supply, (b) the freedom to choose and mate 
repeatedly with the better male, and/or (c) male 
competition permitting the better male to mate and 
remate. The quality and quantity of male ejaculate 
size are known to be determined by genetic 
composition and intra- as well as inter-specific 
variations ( Boake, 1994; Aragaki and Meffert, 
1998; Radwan, 1998; Sakaluk and Smith, 1998; 
Savalli et al., 2000; Schaus and Sakaluk, 2002). It 
is well established that female fitness is most likely 
to be negatively affected if her eggs are fertilized by 
males of poor health and bad vigour or bad genes 
(Keller and Reeve, 1995; Yasui, 1997, 1998; 
Andersson and Simmons, 2006; 
Simmons, 2008 ). Such a situation is usually 
avoided through selection of males which may be 


Evans and 
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done by various selection mechanisms at the 
premating stage or through the use of cryptic female 
choice post mating ( Andersson, 1994; Eberhard, 
1996; Andersson and Simmons, 2006). In captive 
ladybird females, the males are known to force 
mating despite female resistance ( Pervez et al., 
2004; Srivastava and Omkar, 2005; Omkar and 
Pervez, 2005) , leading to a situation where female 
can employ cryptic female choice for male selection. 
Thus, in ladybirds, it is likely that females might 
allow preferential fertilization of her eggs with sperm 
of better male through the process of cryptic female 
choice ( Birkhead and Møller, 1993; Eberhard, 
1996; Birkhead, 1998; Fedina and Lewis, 2007; 
Ward et al., 2008). It is also possible that ladybirds 
might not choose mates but rather there may be 
competition between males for mates. Even in this 
scenario, the better and more vigourous male is 
likely to succeed and thus the same benefits would 
be evident as in the case of mate choice. 

Offspring of simultaneous polyandrous females 
survived maximally at the three 
to be better at 
stresses. This 


temperatures 
dealing with 
supports our 
presumption that when allowed mate choice/male 


revealing them 
environmental 


competition the females are mating with the fitter 
ladybirds, P. and C. 


septempunctata , parental mating histories were found 


males. In dissecta 


to influence the fitness of offspring ( Omkar and 
Mishra, 2005b; Srivastava and Omkar, 2005 ). 
Influence of environmental factors has previously 
been studied in crickets with nutrition deprivation 
acting as a stressor ( Sakaluk et al., 2002). Male 
mating history did not affect the offspring ability in 
terms of developmental time and survival in dealing 
with nutritional stress ( Sakaluk et al., 2002 ), 
though, adult male offspring of polyandrous females 
were significantly larger and heavier in weight 
(Sakaluk et al., 2002). This is important in cases 
where larger males are preferred over smaller ones as 
mates (Sakaluk, 1984, 1985; Souroukis and Cade, 
1993; Bateman et al., 2001). A limitation of the 
current study was the inability to recognize the 
parentage of the offspring. It could be possible that 
all the eggs might have been sired by one male or 
multiple ones in both the polyandrous setup, 
affecting their performance. 

The study thus reveals that 
polyandry in ladybird, C. 


simultaneous 
saucia due to mate 
choice/male competition conditions leads to 
increased (i) reproductive performance, and (ii) 
better adaptability of the offspring in countering 


environmental stresses. However, in the absence of 


choice/competition conditions, sequential polyandry 
shows no benefits of polyandry and has reproductive 
and offspring performance similar to that of 


monandrous females. 
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